The objective of this research was to study the reproductive shoots of Berberis microphylla G. Forst. in relation with the floral bud development and the fruit set among and within three populations of Tierra del Fuego during three consecutive years. Evolution of the different reproductive phenological phases of B. microphylla was in accordance with the climatic conditions of the sites and the years, in particular with the temperatures of the end of the winter and beginning of the spring. In fact, blooming period in US was advanced compared to FL and CI populations. Also, full bloom was shorter in US respect to FL and CI populations when the temperatures increased gradually as occurred in 2014 year. The development of reproductive shoots was significantly affected by the population, the shadow and the growing season. Mixed bud number/length was highest in US population; however fruit set was maximum in FL population. Shadow levels of 50% decreased total bud number, total bud number/node number, mixed bud number, mixed bud number/length and fruit number/length. Ultimately, mixed bud number, mixed bud number/length and aborted flowers were maxima in 2015e2016 growing season. The obtained results confirm the 
Introduction
Changes in factors like humidity, temperature, photoperiod, edaphic associations and topography strongly influence reproduction and population survival. Also, biotic factors, such as competition for pollinators, frugivory and herbivory, larvae foraging and seed dispersal may affect plant phenology. Plant phenology is defined as the study of the seasonal and recurrent timing of life cycle events like sprouting, leaf expansion, abscission, flowering, fertilization, seed set, fruiting, seed dispersal and germination. Thus, phenology patterns displayed by plants are adaptations to the surrounding abiotic and biotic environments (Martínez-Adriano et al., 2016) . Particularly, floral induction responds to photoperiod and temperatures but interactions between environmental stimuli and endogenous developmental cues exert some control over floral initiation (Wilkie et al., 2008) . Also, time of bloom is conditioned by species characteristics, ecological factors and cultivation technology (Solt esz, 1996) . Despite flowering phenology is under genetic control, biotic such as pollinators and abiotic factors like as photoperiod, temperature, precipitation and nutrients in the soil are also important forces triggering the expression of flowering phenology (Forrest and Miller-Rushing, 2010; Rodríguez-Perez and Traveset, 2016 ).
Evolution of plant phenophases studies in correlation with ambient temperatures have allowed considering the plant phenology as a biological indicator of anthropogenic climate change, being relevant for global carbon models, predictions of future climate change and in ecosystem services. However, a few antecedents consider how phenology correlates with several common plant traits (Wolkovide and Ettinger, 2014) , i.e. morphological, physiological and biochemical traits. Information on reproductive phenology is basic to the understanding of tree biology, and of their interactions with other organisms and the dynamics and functioning of ecosystems, for example, the timing of flowering and fruiting controls the activities of many herbivores, flower visitors (pollinators), and frugivores. Thus, an understanding of reproductive phenology and pollination biology are basic elements that should be considered in the conservation, management and exploitation of plant species and when predicting the reproductive potential of vegetation at a landscape level (Kevede and Isotalo, 2016) .
Phenotypic plasticity is the capability of a genotype to produce diverse phenotypic expressions under different environments. A wide range of genotypes in one area gives a broader base of phenotypes or phenotypic plasticity than a single genotype (Zunzunegui et al., 2009) . Since environmental stresses, as well as ecological differences among habitats, are more complex than a single factor, plant responses imply adjustments at various levels, from differentiation at the whole plant, to leaf phenology, morphology and to physiological processes, although such responses vary among species. It has been suggested that plants of each species present a trade-off among adjustment levels (such as stomatal control, chlorophyll content, type of leaves, shoot elongation) allowing a diverse patterns of adaptations (Zunzunegui et al., 2009 ). In fact, B. microphylla grown in environmental conditions of higher temperatures and lower irradiance showed modifications in the leaf morphology and structure (Radice and Arena, 2015) .
Berberis microphylla G. Forst. (calafate), is a Patagonian evergreen shrub considered as a non-timber forest product whose little blackeblue fruits are of nutraceutical value. They can be consumed fresh and processed in marmalades and jams, in non-alcoholic beverages and in ice creams (Arena et al., 2018) . Some aspects of the phenological phases, shoot growth and development, flower anatomy, pollen structure and fertility, fruit composition, postharvest and production, and the annual cycle together with the vegetative morphological variation were already studied in natural populations of this species (Arena et al., 2003; Arena and Curvetto, 2008; Arena et al., 2011 Arena et al., , 2012 Arena et al., , 2013a Arena et al., , b, 2017 Arena et al., , 2018 Arena and Radice, 2014; Arena, 2016a, 2017; Rodoni et al., 2014; Giordani et al., 2017) . The phenotypic behavior in different environmental conditions was not studied, so it is also important to know its variability in the face of such changes.
The objective of this research was to study the reproductive shoots of Berberis microphylla G. Forst. in relation with the floral bud development and the fruit set among and within three populations of Tierra del Fuego during three consecutive years.
Materials and methods

Plant material and growing conditions
Plants growing near Ushuaia city (US), bordering Fagnano lake (FL) and central area of the Tierra del Fuego island (CI) were selected and the height, diameter, shape, reproductive area, presence of old leaves, proximity to another plants, shading and geographical position were registered and described in a previous work (Arena et al., 2018) . The mean air daily temperatures (T) and cumulative rainfall (R) were also registered for every population since August to March for the 2014e2015, 2015e2016 and 2016e2017 growing seasons (Table 1) .
Sampling and determinations
Phenology was registered according to Arena et al. (2011) , during the 2014e2015 and 2015e2016 growing seasons, and data were recorded thrice a week for every reproductive shoot selected. Button flowers, stigma receptive, anthesis, pollen shedding and fruit set were calculated according to the total flowers formed proportionally and expressed as phenograms. In this species anthesis and pollen shedding are coincident (Arena et al., 2011) . Also, start, full and end of blooming were determined considering a 10%; 50% and 10% of flowers on anthesis phase respectively (Arena et al., 2013a) . Ripe fruit were collected 98 days after full flower on February 2015 , according to Arena et al. (2011 and fruit set was calculated.
Eight one year old shoots were selected in spring of 2014, 2015 and 2016 from the North, East, South and West orientations (two shoots from each sector) of each plant.
The position of the branch respect to the height of the shrub (superior or inferior) was 
Results
Growing conditions
Mean temperatures of FL population among August to March of 2014e2015 (7.2 C) and 2015e2016 (6.7 C) were higher than CI (6.6 C and 6.3 C for 2014e2015 and 2015e2016 growing seasons, respectively) and US (6.9 and 6.5 C for 2014e2015 and 2015e2016 growing seasons, respectively) ( 
Phenology
Phenology observations started in October of 2014. In US population, 82.7% of flower buttons were recorded on day 20, and this proportion was in continuous decline until November 18 with 10.0%. On the other hand, 57% of flowers with receptive stigma and 17.3% of flowers with anthesis were also registered on day 20. Maximum values of stigmatic receptivity and anthesis were observed on November 4. The first fruits formed (10.7%) were observed on November 25
( Fig. 1A) . Blooming period for the US population in 2014 began before October 20, probably on day 18, full bloom was between November 2 to 27 and the end of bloom was on December 2 (Fig. 2) . The same year for FL population, 39.2%
of flower buds were registered on October 20, and the proportion was increased to November 4 with 60.8% of flower buds and in the same date anthesis phase was started. Maximum proportion of anthesis flower (72.5%) was observed on December 2 in coincidence with the first fruits formed (5%). Previously, on November 25 the maximum stigmatic receptivity (89.2%) had been registered (Fig. 1B) . Blooming period for the FL population in 2014 began November 6, full bloom was between November 18 to December 10 and the end of bloom was on December 20
( Fig. 2) . On the other hand, CI population showed 23% of flower buds on October 20 of 2014 and this value increased between November 4 and 18e76%. On
November 18, 24% of anthesis flowers and 78% of stigmatic receptivity was observed. Anthesis flower was maxima on November 25 and on December 16 there was still 24% of anthesis flowers (Fig. 1C) . Blooming period for the CI population in 2014 began November 12, full bloom was between November 21 to December 5 and the end of bloom was on December 18 ( Fig. 2 ).
Phenology observations in the next year (2015) started in October too. In US population, 100.0% of flower buds were observed on October 20, followed by a continuous decrease until November 26 with 3.2%. Stigmatic receptivity and anthesis flowers were maxima on November 18 with 62.0% and 80.3%, respectively. On the same date 2.1% of started fruits were recorded (Fig. 1D ). Blooming period for US population in 2015 began November 5, full bloom was between November 11 to 20 and the end of bloom was on December 10 ( Fig. 2) . In FL population, 58.33% of flower buttons were observed on October 20, followed by a continuous decrease until November 27 with 25.3%. There were observed maxima values for stigmatic receptivity on November 19 with 71.0% and anthesis flower on November 27 with 71.5%. Fruit started on December 7 with 17.3% (Fig. 1E ).
Blooming period for FL population in 2015 began November 10, full bloom was between November 22 to December 13 and the end of bloom was on December 22 (Fig. 2) . In CI population registered were made in started blooming stages, nevertheless, on November 19, flower with stigmatic receptivity was 81.10%. Between November 27 and December 7 it was observed maxima value of anthesis flowers with 71.2%e68.2% and fruit started on November 27 with 6.3% (Fig. 1F ). The beginning of blooming time could not been established but full bloom was calculated between November 12 to December 13 and the end of bloom was on December 22 (Fig. 2) .
Reproductive shoots
Population significantly affected the length, node number, node number/length, total bud number/node number, mixed bud number, mixed bud number/length, mixed bud number/total bud number, aborted flowers, fruit number and fruit set (Table 2 ).
Length and node number were maxima in FL population (18.8 cm and 17.5 nodes, respectively), while node number/length values were highest for US and CI populations (1.1 nodes/cm for both sites). Total bud number/node number was maxima for CI population (1.7), while mixed bud number for US population (10.4 mixed buds) was significantly higher than for FL population (8.3 mixed buds). However, mixed bud number/length was the highest in US population (0.8 mixed buds/cm), while mixed bud number/total bud number were maxima in US and CI populations (0.5).
The highest aborted flower values were found on US population (9.7), in correspondence with the lowest fruit number (0.5 fruit). Fruit set was highest in FL population (15.1%) ( Table 2) .
Orientation did not affect the shoot variables studied, while the shoot position only significantly affected the mixed bud number/length and the mixed bud number/total bud number ( Table 2 ). The reproductive shoots formed on the superior sector the highest mixed bud number/length (0.65 mixed bud/cm) and mixed bud number/total bud number (0.43).
Shadow significantly affected the total bud number, total bud number/node number, mixed bud number, mixed bud number/length, aborted flowers, fruit number and fruit number/length ( Table 2 ). The total bud number was maximum under shadow of 0 and 25 % (26.0 and 24.2 buds, respectively), while total bud number/node number was significantly higher with 0% shadow (1.7), respect to 75% shadow (1.1). The mixed bud number and mixed bud number/length were also maxima for 0 and 25% of shadow (10.1e11.4, and 0.7 to 0.8 mixed buds/cm, respectively), as well as aborted flowers (9.2 and 10.2, respectively). Fruit number was higher with 25 % of shadow (1.2) than in 75 % (0.5), while fruit number/length was maxima for 0 and 256% shadow (0.07 and 0.09 fruits/cm, respectively).
Growing season significantly affected the total bud number, total bud number/node number, mixed bud number, mixed bud number/length, mixed bud number/total bud number, aborted flowers, fruit number and fruit set (Table 2) . Total bud number, total bud number/node number, mixed bud number, mixed bud number/length, mixed bud number/total bud number, aborted flowers and fruits were maxima during 2015e2016 growing season (24.7 buds, 1.5 buds/node, 11.2 mixed buds, 0.8 mixed buds/cm, 0.5 mixed buds/total bud, 10.3 aborted flowers and 1.4 fruits, respectively).
However, maximum fruit set was observed on 2014e2015 growing season (14.9%), which was only significantly higher than in 2016e2017 (10.1%).
Significant interactions were found between factors for some of the studied variables. Indeed, differential increments were verified in the values between the main factors and combinations (Table 2) . Total bud number was maxima in CI population in 2015, although was minima in 2016. Fruit number in FL population was maximum in 2015 and 2016; however, in 2017 this variable was maximum in CI population. Fruit set was the highest in FL population in 2015 and 2016 but in 2017 year, this variable was maximum in CI population (data no showed).
Reproductive shoots in relation to the plant
The plant significantly affected most of the studied variables, except the mixed bud number/total bud number, fruit number, fruit number/length and fruit set in US population and node number in FL population (Tables 3, 4 , and 5).
US population showed maximum shoot length in plant 200 (19.9 cm), without significant differences with plant 123 (17.7 cm) ( Table 3) Plants in LF population showed maximum length in plant 183 (23.9 cm) but only significant longer than plants 81, 83 and 148 (15.12, 16.21 and 16.8 cm, respectively), while the reproductive shoots of plant 81 presented the highest node number/length (1.2 nodes/cm) ( Table 4) . If total bud number was maximum in plant 172 (29.2), the maximum relation with its node number was observed in plant 146 (1.6). This plant also presented the maximum mixed bud number (15.7), as well as the maxima mixed bud number/length (0.9 mixed buds/cm), mixed bud number/total bud number (0.6 mixed bud number/length) and aborted flower number (9.9). While the plant 172 formed 3.3 fruits and 0.2 fruits/cm, plant 83 presented a fruit set significantly higher (32.2) than plants 81, 82 and 183 (1.7, 6.4 and 3.9, respectively) .
In CI population, the maximum length was observed in plant 78 (18.6 cm), while the reproductive shoots of plant 182 presented the highest node number and node number/length (17.1 nodes and 1.4 nodes/cm) ( Table 5) . Plant 78 had the maximum total bud number (33.5 buds), while plants 74 and 78 presented the maximum relation with respect the node number (2.1 and 2.3, respectively). Plants 78 and 180 presented the maximum mixed bud number (15.6 and 15.1, respectively), and then again plant 180 with the highest mixed bud number/length (1.0 mixed buds/cm), while the plant 171 the maximum mixed bud number/total bud number, fruit Fagnano Lake Population Values followed by different letters in each column are significant different according to the Tukey test at p < 0.05. number, fruit number/length and fruit set were observed (0.7 mixed buds, 2.3 fruits, 0.2 fruits/cm and 27.1 fruits/flowers, respectively).
Central area of Tierra del Fuego Population
Although some correlations are predictable as length with node number, it is noteworthy the negative and significant correlation between total bud number, mixed bud number/length and aborted flowers with shadow (Table 6 ). The same variables were positive and significantly correlated with the shoot position, showing that those reproductive shoots formed in the superior part of the shrubs presented the highest values of the mentioned variables.
Discussion
It is well known that flowering is a characteristic of the species, but the vigor of the bushes, the formation of buds and different management applied to the garden are decisive in the production of flowers and fruits. Nevertheless, with native species that grow spontaneously, it is discarded the effect of crop management; therefore, the flowering phenology can be considered as an expression closely linked to the genotype when studying plants grown in similar sites.
Intensity of flowering increase with the duration of the cold treatment but in this case, low temperature effects could be dismissed by the large amount of cold hours accumulated in the three populations. Starting time and blooming period is determined by the weather conditions occurred before and during the flowering time (Solt esz, 1996) . In fact, starting time and blooming time period was significant different between the three populations and two years studied due the particular temperature, humidity and cumulative rainfall registered from every specific site selected (Arena et al., 2018) . It is worth noting the differences in temperatures between the sites and the years at the end of winter and beginning of the spring and its relation with the reproductive phenology, i.e. the highest mean temperatures among August and October on 2014 in US site probably advanced the button flower and anthesis phases respect to FL and CI sites. The same tendency was observed in US and FL sites at the end of winter and beginning of the spring in 2015 and its relation with the reproductive phenology, although the reproductive phenology in CI site presented an unexpected behavior. Full bloom was shorter in US respect to FL and CI populations when the temperatures increased gradually as occurred in 2014 year.
On the other hand, rainfall patterns affect the phenology (Fischer et al., 2016) and reproductive behavior of many fruits species. Specially, in those species pollinated by insects such as B. microphylla (Radice et al., 2016c) , as well as snowmelt and early high spring temperatures (Forrest and Miller-Rushing, 2010) , which could be responsible for the advance of the floral phenology, in particular the bottom flower and anthesis phases how it was observed in US population. Analyzing all the variables studied highlights that plant 122 of US population grown with 31.25% of shadow and 40% of productive area presented maxima values of mixed buds number/total buds (0.31), mixed buds number/length (1.6 mixed buds/cm), with 0.36 fruits but one of the lowest fruit set (1.8) observed.
Plant 146 of FL population, a shrub grown with 50% of shadow and 40% of productive area, presented the maxima values of mixed buds number/total buds (0.60), mixed buds number/length (0.87 mixed buds/cm), with 2.1 fruits and a medium fruit set relation (11.7).
Finally, in CI population, plant 171 grown with 87.5% of shadow and 40% of productive area, presented maximum mixed buds number/total buds (0.70), although the highest mixed buds number/length (1.0 mixed bud/cm) was observed in plant 180 (with a 18.7% of shadow and 70% of productive area). The maximum fruit number and fruit set were observed again in plant 171 (2.3 and 27.1%, respectively).
Conclusions
Evolution of the different reproductive phenological phases of Berberis microphylla was in accordance with the climatic conditions of the sites and the years, in particular with the temperatures of the end of the winter and beginning of the spring.
Previous studied confirmed that a clear relationship between plant floral traits and reproductive success with its particularly environmental conditions was not observed, but results obtained in this work clearly showed that shadow despite promoting fewer total bud number, total bud number/node number, mixed bud number, mixed bud number/length, aborted flowers, fruit number and fruit number/length. However, fruit set was not affected by the different levels of shadow tested.
Adaptive plasticity of B. microphylla respect to the adjustment of its morphological and physiological characteristics to the environmental conditions of growth are reinforced with the presented results.
These results contribute to the in situ conservation of this species in its natural environment where other biotic factors interact with it, as well as to its breeding and subsequent use in commercial plantations.
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